Since the observation of an association between the dopamine D4 receptor (DRD4) exon III polymorphism and the temperament trait of Novelty Seeking, 1 replication studies have yielded both positive 2-5 and negative [6] [7] [8] [9] [10] [11] [12] results. This raised the question whether the initial findings must be regarded as false positives. 13 However, demographic or methodological differences between studies may have obscured the small effect of the DRD4 polymorphism on Novelty Seeking.
DRD4 exon III allele frequencies in our cohort were comparable to those observed in other populations. The two most common alleles were the 4 and the 7 repeat, the two most common genotypes were 4,4 and 4,7. Thus, absence vs presence of the 7 repeat allele, and the 4,4 vs 4,7 genotype, respectively, were chosen as independent variables in the one-way analyses of variance.
We could observe the reported association between DRD4 exon III allele length and Novelty Seeking (Tables 1 and 2 ). The presence of the 7 repeat was associated with significantly elevated Novelty Seeking total scores (F 1,134 = 11.54, P = 0.001). The effect had a size of 0.6 standard deviation units and accounted for 8% of the variance. Among Novelty Seeking subscales, the presence of the 7 repeat was associated with elevated scores on NS1 (Exploratory Excitability; F 1,134 = 4.97, P = 0.027), NS2 (Impulsiveness; F 1,134 = 4.60, P = 0.034), and NS3 (Extravagance; F 1,134 = 19.06, P = 0.00003). Similar, and even stronger, associations could be observed when comparing subjects with the 4,4 vs 4,7 genotype (Table 2 ). However, only the associations between the 7 repeat and NS total and NS3, and between the 4,7 genotype and NS, NS1, and NS3 remained significant after correction for multiple testing (␣ = 0.0016; see Methods and Materials).
As effects of demographic variables can confound the results of association studies, we carried out analyses of variance with age and sex as covariates (Tables  1 and 2 ). The use of ethnicity as covariate was not appropriate in our almost entirely German sample. The analyses revealed that there was only a significant age effect on NS2 scores. Although this association remained significant at the 0.05 level when comparing subjects with the 4,4 vs 4,7 genotype (NS2: F 1,82 = 5.35, P = 0.023; age: F 1,82 = 6.35, r = 0.24, P = 0.014), it diminished when comparing subjects with absence vs presence of the 7 repeat (NS2: F 1,132 = 2.26, P = 0.135; age: F 1,132 = 8.47, r = 0.24, P = 0.004).
In order to examine a differential effect of the DRD4 exon III polymorphism on different subtypes of novelty seeking related behavior, we employed four personality questionnaires which are widely used in the assessment of normal as well as pathological personality, and which contain scales for measurement of considerably heritable personality traits which are thought to share variance with Novelty Seeking (see Methods and Materials): the Sensation Seeking Scales form V (SSS V), 17, 18 the scales Impulsiveness and Venturesomeness of the Eysenck Impulsivity Questionnaire (I7), 19, 20 the Revised Eysenck Personality Questionnaire (EPQ-R), 21, 22 and the NEO Five Factor Inventory (NEO-FFI), 23 ,24 a 60-item short form of the Revised NEO-Personality Inventory (NEO-PI-R). 23 We assumed that the following scales may be substantially related to novelty seeking behavior and therefore may show associations with DRD4 exon III allele length: NEO-Extraversion and Conscientiousness, SSS-total and subscales, I7 Impulsiveness and Venturesomeness, and EPQ-Extraversion and Psychoticism. The results based on these scales were corrected for multiple testing (␣ = 0.0016, see Methods and Materials).
The results of the analyses of variance (Table 3) indicated that the presence of the DRD4 exon III 7 repeat allele showed a tendency towards associations with elevated scores on Extraversion from the NEO-FFI, Impulsiveness from the I7, Psychoticism, and Extraversion from the EPQ-R. The same constellation could be seen when comparing subjects with the 4,4 vs 4,7 genotype, but none of the effects reached the adjusted level of significance. Furthermore, we observed trends towards associations between the 4,7 genotype and elevated scores on the Sensation Seeking total scale, Thrill and Adventure Seeking, and I7 Venturesomeness. Analyses of variance with the DRD4 exon III genotype as independent variable and age and sex as covariates provided a more differentiated view on this putative association (Table 3 ). The effects of the 4,7 genotype on elevated NEO-and EPQ-Extraversion scores were independent from effects of age and sex (NEO-E: age-and sex-residualized F 1,82 = 4.88, P = 0.030; EPQ-E: age-and sex-residualized F 1,82 = 4.89, P = 0.03). The associations between the DRD4 polymorphism and I7 Impulsiveness and EPQ-Psychoticism, respectively, diminished due to an (non-significant) effect of sex on Impulsiveness (Imp: F 1,82 = 3.76, P = 0.056; sex: F 1,82 = 2.37, P = 0.127, r = 0.16), and an effect of age on EPQ-Psychoticism (EPQ-P: F 1,82 = 5.96, P = 0.017; age: F 1,82 = 8.61, P = 0.004, r = 0.34). On the other hand, the associations between the DRD4 exon III genotype and Sensation Seeking total, Thrill and Adventure Seeking, and Venturesomeness, respectively, raised due to effects of sex on these scales (SSS: F 1,82 = 6.10, P = 0.016; sex: F 1,82 = 9.15, P = 0.003, r = −0.31; TAS: F 1,82 = 9.09, P = 0.003; sex: F 1,82 = 6.21, P = 0.015, r = −0.24; Vent: F 1,82 = 7.40, P = 0.008; sex: F 1,82 = 4.06, P = 0.047, r = 0.18).
Among the remaining TPQ scales, for which we did not expect associations, lower scores on Harm Avoidance subscale Anticipatory Worry (HA1) and Persistence (RD2) were associated with the presence of the 7 repeat (HA1: F 1,134 = 6.38, P = 0.013; RD2: F 1,134 = 5.33, P = 0.022). Both effects proved to be independent from influences of age and sex (age-and sex-residualized results: HA1: F 1,132 = 6.71, P = 0.011; RD2: F 1,132 = 7.54, P = 0.007). Similar results were obtained when the subjects were grouped for the 4,4 vs 4,7 genotype. In this case, a further association with Harm Avoidance total score could be observed (Table 2 ). However, none of the effects was significant at the Bonferroni-adjusted level of 0.0017 (see Methods and Materials).
Overall, the present study could confirm previous results of significantly elevated Novelty Seeking scores in groups defined by the presence of the 7 repeat and the 4,7 genotype, respectively, of the dopamine D4 receptor exon III polymorphism, and this is true after conservative correction for multiple testing. Because the cohort examined in this study was similar to that of Ebstein et al 1 with respect to demographic features, it can be supposed that the effect of the DRD4 exon III polymorphism on Novelty Seeking can be observed best in young, healthy populations which show a broad range of variation in novelty seeking behavior. However, decisive evidence of a true association depends on further studies employing family-based designs.
Our data concerning associations with NS subscales can provide a more differentiated view on the association between Novelty Seeking and long DRD4 alleles. Exploratory Excitability (NS1), Impulsiveness (NS2), and Extravagance (NS3) showed a tendency of elevated scores in groups defined by the presence of the 7 repeat and the 4,7 genotype, respectively. The association between the 7 repeat and NS1 and NS2, and the association between the 4,7 genotype and NS2 however were not significant after correction for multiple testing. Furthermore, the effect of the presence of the 7 repeat and NS2 may be due to stratification effects because of a significant effect of age on this association. This result is in line with the finding that long DRD4 exon III alleles were associated with NS1, NS2, and NS4, but not with NS2, estimated from the NEO-PI-R. 2 Thus, in our cohort the DRD4 exon III polymorphism had a strong effect primarily on NS3 and to a lesser degree on NS1.
We could also observe trends towards associations between the DRD4 polymorphism and Harm Avoidance total (HA), Anticipatory Worry (HA1), and Persistence (RD2). These trends were not expected from a theoretical perspective, and also they were not significant after correction for multiple testing. However, parallel findings concerning an association between long DRD4 alleles and lowered RD2 scores have been reported. 4 The trends towards associations between the DRD4 polymorphism and lowered HA and HA1 scores also are not entirely unexpected. Ebstein and colleagues report a somewhat parallel relationship. 25 In adult subjects without the short form of the 5-HTTLPR, which is supposed to have an influence on anxiety-related traits, 26 they observed a more pronounced effect of long DRD4 alleles. In our cohort, HA and NS subscales are moderately negatively correlated (r −0.20 to −0.44, P Ͻ 0.05). This raises the question whether HA and NS can be regarded as completely orthogonal. Given that similar findings can be replicated in future studies, Cloninger's assumption that the monoamine systems strictly distinctly modulate behavior 27 may be liberated.
Among the other personality scales used in this study, various scales showed trends towards associations with the DRD4 exon III polymorphism (Table 3) , which however were not significant at the Bonferroniadjusted level. We could observe age-and sex-independent effects of the polymorphism on the scores on both Extraversion-scales employed in the present study, at least partially providing support for the findings of Benjamin et al. 2 On the other hand, stratification effects are likely in case of the associations between DRD4 allele length and I7 Impulsiveness and EPQ-Psychoticism, because an effect of sex in the former case and an effect of age in the latter resulted in diminished significance of the observed associations. In contrast, effects of sex seemed to mask the association between the DRD4 exon III genotype and the Sensation Seeking total score, Thrill and Adventure Seeking, and I7 Venturesomeness, respectively. In these cases, we could observe stronger associations when sex was considered as covariate. We have not found similar results in the literature, and further investigation of this issue may be fruitful.
An important conclusion of the present study arises from the pattern of associations between DRD4 exon III allele length and both Extraversion scales, Sensation Seeking total score, Thrill and Adventure Seeking, and Venturesomeness. Although these associations were not significant at the Bonferroni-adjusted level, the pattern might be informative. We suggest that the dopamine D4 receptor exon III polymorphism has its effect primarily on exploratory, excitement-seeking, extravagant, venturesome, and extraverted subtypes of novelty seeking behavior as assessed by the NS subscales Exploratory Excitability and Extravagance, Extraversion from NEO-FFI and EPQ-R, Thrill and Adventure Seeking, and Venturesomeness. On the other hand, the polymorphism seems to have little or no effect on individual differences in impulsive, disorderly, and monotony-avoidant subtypes of novelty seeking behavior as assessed by the NS subscale Impulsiveness, Psychoticism, I7 Impulsiveness, Experience Seeking, Disinhibition, and Boredom Susceptibility. This view is parallel to the finding of no association of the DRD4 polymorphism with Impulsiveness and Monotony Avoidance measured with the KSP. 7 Clearly, the problem of multiple testing is of considerable importance in the interpretation of our results. Only the associations between presence of the 7 repeat and NS and NS3, and the associations between the 4,7 genotype and NS, NS1, and NS3, respectively, remained significant at the conservatively Bonferroniadjusted level of 0.0016. Thus, although our main expectation of an association between the DRD4 exon III polymorphism and Novelty Seeking can be regarded as confirmed, research on the remaining tendencies reported here is urgently needed and may help to further clarify the differential effect of DRD4 exon III allele length on different subtypes of Novelty Seeking.
Methods and materials

Subjects
One hundred and thirty-six healthy volunteers were recruited from students and staff at the Dresden University of Technology. The sample consisted of 88 females and 48 males with an age mean ±SD of 23.6 ±3.9 years. About 92% of the subjects were of German origin. After giving informed consent, 200 l of blood from earlobes were obtained by a nurse, and subjects filled out five personality questionnaires.
Personality questionnaires
Personality features were assessed with a German version of the Tridimensional Personality Questionnaire (TPQ) 16 and with German versions of four other personality questionnaires: (1) the Sensation Seeking Scales form V (SSS V); 18 (2) the scales Impulsiveness and Venturesomeness of the Eysenck Impulsivity Questionnaire (I7); 20 (3) the Revised Eysenck Personality Questionnaire (EPQ-R); 22 and (4) the NEO Five Factor Inventory (NEO-FFI). 24 (1) The SSS V consist of four subscales: Thrill and Adventure Seeking (TAS), Experience Seeking, Disinhibition, and Boredom Susceptibility, which can be summed to a Sensation Seeking Total score. The concepts of Sensation Seeking and Novelty Seeking show a high degree of overlap, and both traits are assumed to be modulated by dopaminergic neurotransmission. 27, 28 But the respective scales and subscales show only moderate correlations. 16 Thus, it can be assumed that these scales measure somewhat different types of novelty seeking, or sensation seeking behavior.
(2) The scales Impulsiveness and Venturesomeness are measures of distinct aspects of broad Impulsivity, 19 with the Imp scale assessing narrow Impulsivity and Non-planning and being closer related to the Novelty Seeking subscale NS2, and the Vent scale emphasizing on Risk-taking and being related to NS1. 16 (3) The EPQ-R is a measure of three broad personality types. Psychoticism is defined by disorderly and impulsive-aggressive behaviors, its relation to Novelty Seeking is largely due to a high correlation with NS4. 16 Extraversion describes sociable, active, careless, and fickle behaviors. It also is related to Novelty Seeking, largely due to a high correlation with NS1. 16 Neuroticism is characterized in terms of emotional lability, anxiety, and worry, and shows no relation to Novelty Seeking. The questionnaire also contains a Lie scale.
(4) The NEO-FFI is a 60-item short form of the Revised NEO-Personality Inventory (NEO-PI-R). 23 The NEO-FFI also measures five broad personality factors, Neuroticism, Extraversion, Openness to Experience, Agreeableness, and Conscientiousness, but does not contain facet scales. Novelty Seeking correlates positively with Extraversion and negatively with Conscientiousness, and consequently, associations between long DRD4 exon III alleles and higher Extraversion and lower Conscientiousness scores have been reported on the basis of respective NEO-PI-R scales. 2 The validity of the factorial structures of the questionnaires was analyzed with factor analyses (principal components analyses, Varimax-rotation). The analyses provided support for the four-factor structure of the TPQ (NS, HA, RD134, and RD2); the two-factor structure of the two-scale version of the I7 (Imp and Vent); the four-factor structure of the EPQ-R (P, E, N, and a Lie factor); and the five-factor structure of the NEO-FFI (N, E, O, A, and C). The four-factor structure of the SSS V was not supported in factor analysis, only TAS and Dis could be identified as separate factors.
Genotyping DNA was extracted from blood with the QIAamp Blood Kit (Qiagen, Hilden, Germany). PCR amplification was carried out blind to subject identity using VENT polymerase (New England Biolabs, Beverly, MA, USA). The primers employed (Pharmacia Biotech, Uppsala, Sweden) were: D4-3 (5Ј-GCGACTACGTGGTCTAC TCG-3Ј) and D4-42 (5Ј-AGGACCCTCATGGCCTTG-3Ј). 29 PCR reaction contained: 100 ng genomic DNA; 1 M of each Primer, 400 M dATP, dTTP, dCTP, and dGTP (MBI Fermentas, St Leon-Rot, Germany), 0.25 units of VENT polymerase, and 1× ThermoPol Reaction Buffer (New England Biolabs) in a total volume of 25 l. DNA was denatured at 98°C for 10 min prior to the addition of VENT polymerase. Thirty cycles were employed in a Biometra UNO Thermoblock (Biometra, Gö ttingen, Germany) with a denaturating temperature of 98°C for 1 min, and a combined annealing extension reaction at 70°C for 5 min. Amplification products were electrophoresed on a 1.3% agarose gel with ethidium bromide. Fragment sizes were determined by comparison to molecular length standards. Allele frequencies in the examined cohort were: 2 repeat: 11.8%; 3 repeat: 1.8%, 4 repeat: 63.9%; 5 repeat: 0.4%; 6 repeat: 1.1%; 7 repeat: 19.5%; 8 repeat: 1.1%, 9 repeat: 0.4%.
Statistical analyses
Statistical analyses were carried out using the SPSS package. Associations between personality features and DRD4 exon III allele length were assessed by oneway analyses of variance (ANOVA) with the personality scale scores as dependent variables. Absence vs presence of the 7 repeat allele and 4,4 vs 4,7 genotype, respectively, were employed as independent variables, because the 4 and the 7 repeat are the most common DRD4 exon III alleles, and physiological differences between the D4.4 and D4.7 receptors have been reported. 30 When personality scales were not normally distributed, the results of the analyses of variance were scrutinized with the Mann-Whitney U-Test. The results of the nonparametric tests were similar to those obtained by parametric tests. Influences of demographic variables on associations between DRD4 exon III allele length and personality traits were assessed with one-way analyses of variance as described above with age and sex as covariates. There are several ways to deal with the problem of multiple testing. Sixty-two tests of significance (two genotype categorizations × 31 personality scales) were carried out. Several of these scales ascertain aspects of novelty seeking and approach behavior as compared to the TPQ or measure trait aspects which are supposed to be influenced by dopaminergic systems (see section Personality Questionnaires): TPQ-Novelty Seeking total and subscales, NEO-Extraversion and Conscientiousness, SSStotal and subscales, I7 Impulsiveness and Venturesomeness, and EPQ-Extraversion and Psychoticism. Thus, only 32 (two genotype categorizations × 16 personality scales) of the tests of significance were carried out to test the global hypothesis of an association between DRD4 exon III allele length and novelty seeking behavior. The Bonferroni-adjusted level of significance therefore can be set at ␣ = 0.0016. Taken into account that the tests cannot be regarded as independent, this value is a rather conservative estimation of the adjusted level of significance. (The adjusted level of significance for tests of associations between the polymorphism and the 15 scales not included in our hypothesis therefore was ␣ = 0.0017.) With regard to Novelty Seeking, we had an a priori hypothesis based on the results from previous studies. [1] [2] [3] [4] [5] But even if we correct for multiple testing, the associations between the presence of the 7 repeat and NS and NS3, and between the 4,7 genotype and NS, NS1 and NS3, respectively, remain significant at the adjusted level. None of the other tests of significance meet this conservative criterion, but taken together with the consistent pattern of associations observed in this study, it is unlikely that the results reported here can be explained by chance alone. However, some of the significant results still may be consequences of chance variation, and replication of the results concerning associations of the DRD4 polymorphism with scales from the SSS V, the I7, and the EPQ-R are urgently needed before generalizations can be made.
